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[0001J Thisinv ntion particularly relates t improv m ntofflowofhydrocarbonssuchascrud oil or refined nmri,.^. 
5 ZSXT "Ft T 38 PiP?,ineS - U iS Presently b ,i9Ved t0 * - ParticularCi ZS^SE?* 

ELIE e P ,r ^ ? ? ireCted *° 8 m th0d a0d C ° mp0Siti0n f0r introductio " streams of hyomcar- 

bons such as crud oil or petroleum in a pipeline or refined products in a pipeline whereby th tew imomver Z ^L 
dssolv dintotne^ 

hydrocarbons. The stable nonagglomerating suspensions of the invention and the process for employ^ suchTus 
*o pensions go far toward resolving field difficulties. employing such sus- 

[00031 This invention relates to U.S. Patent No. 5.449.732 issued September 12. 1995. relating to the preparation 
and use of non-crystalline, high-molecular weight, hydrocarbon soluble, polymers usefu for drag re^ctZTfS 
mpmvement of flowing hydrocarbon streams, entitled "Solvent Free Oil SoE Drag Redtdng S^niS 

- ik^e^ 

and use of noncrystalline, high molecular weight, hydrocarbon soluble, polymers useful for drag reTcCo fS 
improvement of flowmg hydrocarbon streams, entitled "Drag Reducers Fo^lo^ng Hydrocarbon^" 

S!L B ! f Wa )' ° f , ba f 9rou J nd ' « is known «* certaf Polymers which are oil soluble may be polymerized in the 
ThL ^ ° hi9h m ° l0CUlar Wei9M «"<*■■*<• hydrocarbon soluble poWs by varioul 

and decrease drag" thus reducing the amount of horsepower needed to move a given volume of hydrocamon^ Z 
converse* enable greater volumes of fluid to be moved with a given amount of polar. ^SZS2T» 
drag reducers or flow improvers. Further, dilute solutions of high modular weight polymers and soIv^ntoTh as 
hydmcarbons. d,sp.ay usefu. flow characteristics unusual to the common* known^J.ine .a^ ^solub^e a" 
n^TT TT 33 POlyethy,en8 and "» Articular. toese^mcarbonSubZateria Is are 

whl^ I!l ^ H* -9 redUCin9 aflentS 3nd anti ' mistin9 a9ants - A " a «ng agent is a polymer which 
ZZs^r^T?™; 1 ° 8i9nifiCantly inCr8aSe madium siza ™» hereby reduc^ZmabS 

[0007] One important characteristic of such polymers is their susceptibility to shear degradation when dissolved in 
hydrocarbons. Thus, passage through a pump, severe constrictions in a pipeline or the like vZeTb Mta s 
. encountered can shear the polymer and thereafter reduce effectiveness, in some ca^draJSi^ 2n2^ 

[0008J The polymer should be placed in a form adequate for easy transportation and handling without exotic or 
unusual equipment, since injection points for the polymer into the flowing hydVocarbon stream cToZ ^e at remote 
and inaccessible locat-ons. The polymer must also be in a form which dissolves rapidly in Z r^arbo So 
S S, " ca toa hava reducing effect until so.ubi.ized into the' hi^^aTO 

ymer should also be .nnocuous to the ultimate purpose of the hydrocarbon fluid. For example, in the case of a3e 
^flowing through a ppeline. larger amounts of water and contaminants can be toteraiedt^nVn^^l 
products such as diese.fue.orgaso.ine which are ultimately des«n* to be burr^ 

dissolving, transporting and using such drag reducing polymers. In use. these polymers form extremely dilute E 

tS T \ h ant, ; mi8t,n9 - n ° common commercial method is the preparation of dilute solutions of polymer tan 
inert solvent such as kerosene or other solvating material as set forth in Mack, U.S. 4.433 123 Mack uS zS a solution 
<rf high modular weight polymer suitable for use as a drag reducing agent when piudu^ 
olefminahydr^arbon solvent. Theentiremixtore. containing 

separation to form dilute solutions of the polymer In crude oil or other hydrocamons. Howevet ™ d^nS£2 

USE J "T US30f 3 WhiCh P0S8Sa Sh> >™ and ^-"cuifc/e^ 

nrf uhvh' k prt "^ u ''saf forms a gel-like substance which is difficult to introduce into flowing n^r^artoi^stre^ms 

10010] In addition, it has been found necessary to terminal soluUon polymerization process reactions at no more 
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than 20 percent polymer based on total reactor cont nt by weight in order to obtain the high molecular weiaht oolvmefs 
which ar most effective, as taught in U.S. Pat nts 4,415.714, U.S. 4,493.903, and U.S. 4.945 142 
™L« f.. 00 ™* approach is to P r par *• Polymers as a solid material as described in the Weitz n patent U S 
4.340.076. We.tz n taught that a high molecular weight polymer would be very rapidly dissolved in solvents 'if the 
polymer was ground in the solvent while below the glass transition point of the polymer. Polymer concentrations as 
high as 15 percent or more could be obtained, and only a few parts per million wer need d in the flowing hydrocarbon 
stream for drag reduction or flow improvement. Three patents issued to O'Mara et al. U.S 4 720 397 U S 4 826 728 
andU.S.4.837.249alldealwith finely grinding or reducing the polymers to very snallparticlesWin an inertatmosphere 

wh^ EfT TT f"? ° f ^ in ,hG Pre8enCe * 3 Partiti0ni "9 *°° ni to fo ™ a multWayZ^aing 

which holds the inert atmosphere adjacent to the polymer particles after being ground. The patent teaches that it is 
mandatory that the reduction to fine particle size be carried out in an inert atmosphere utilizing a ref£eTn. such as 
hquidnrtrogenandacoating agent while grinding the polymer to a size of less than 0.5 millimeL or about Tmesh 
This process requires that particles be maintained in an inert atmosphere without contacting water or oxygen until 
dissolved in the hydrocarbon solvent. oxygen unui 

Z !ili J hUS n 1 S T f! ary 1^ t0 h3Ve a " impervious P artic,e coa «"9 which prevents air or water from contacting 
? „ u SSO,Ved ■ ° r ^ ent ' re SyStem mUSt ta maintaina ° under an inert atmosphere until the material is 

d,ssolved. It can be seen to be bulky and cumbersome, especially at remote pipeline locations 
P013] In a most successful commercial approach, the entire reaction mixtureof a polymerization process, comprising 
a h.gh molecular weight polymer dissolved in a polymerization solvent such as hexane, heptane, or kerosene in a 
» concentration ranging from as low as 2 to 3 percent to a maximum of about 12 percent is utilized. While this material 

polymer reaction products as drag reducing materials for flowing hydrocarbons. 

J0014J All commercial processes or known processes to date for the preparation of polymers useful for drag reducing 

25 L h T .TT? h3Ve 8 8i9nifiCant disadvante 9 e - T"^ "'^-high molecular weight materials which impart 

25 the best drag reduction or flow improvement in the flowing hydrocarbon streams are notoriously hard to dissolve Either 
method requires additional equipment not normally utilized in pipeline locations and pump stations, and requires sig- 
ntonthandl.ng equ.pment investment. For example. U.S. 3.340.076 requires a source of liquid nitrogen for its opeT 
ation. Th.s substantially adds to the cost and difficulty of employment. The limitation on polymer content of 10 to 15 
» p^lymer^ntenT' C ° mmerCi8 ' processes also means a 9">at deal of shipping cost is incurred relative to the active 

Description of the Prior Art 
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in =2 . ■ ??£ ^ r e8Cnbed the 3rt - Re P resantativa but non-exhaustive examples of such prior 
art are U.S. 3.692.676, which teaches a method for reducing friction loss or drag for pumpable fluids Through pipelines 
by adding a minor amount of the high molecular weight non-crystalline polymer. U.S. 3,884 252 teaches the use of 
polymer chunks as a drag reducing material. These materials are extremely viscc-elastic and are not suitable for 
forming injection molded or blow molded articles. In general, these polymers have no known use other than drag 
reducing materials and anti-misting agents. The very properties that make these materials extremely effective as drag 
reducing additives make them extremely difficult to handle since they have a severe tendency to cold flow or reao- 
glomerate, generally into a sticky mass. 9 
[001 6] The general propensity of non-crosslinked polymeric material to cold flow and reagglomerate is well known 
Numerous attempts have been made to overcome the disadvantages inherent in solid cold flow in polymers Repr* 
sentebve but noivexhaustive of such art is that described in U.S. 3,791,913 when elastomeric pellets were surface 
in r ^h 0a „T,°u ? * ° rta ;, to ™ intain tne ""vulcanized interiorof the polymerwithin an enclosure of cured material 
in each pellet. U.S. 4 147,677 d.scloses a method of preparing a free-flowing finely divided powder of neutralized 
sulfonated elastomer by m.x.ng with fillers and oils. U.S. 3.736,288 teaches solutions of drag reducing polymers in 
inert normally hquid vehicles for addition to liquids flowing in conduits for achieving a staggered dissolution effect by 
varying the s.zeof the polymer particles. Suspending with surface active agents is also known. U S 4 340 076disctoses 
a process for dissolving high molecular weight hydrocarbon polymer in liquid hydrocarbons by comminuting the polymer 

1J SSiT f S . 8 ? nt3Cb !) 9 th88e materia ' S 31 " 8ar C,y09enic ^P«ratures with the liquid hydrocarbons to 
morerapidly dissolvethe polymer U.S. 4,584,244 cryogrinds drag reducing polymers underliquid nitrogen with alumina 
to obtain a free-flowing fnable solid drag reducing composition 

[0017] U.S 4,720,397.U.S.4,826.728.andU.S.4,837.249dealwimprocessesandcompositi OT 
dissolving polymer composition or to polymer cryoground below glass transition temperatures and freshly cleaved 
surfaces in an inert atmosphere with a coating which holds the inert atmosphere adjacent to the polymer until dissolved 
in hydrocarbon. 

[0018] Of the disclosures known to th inventors, perhaps U.S. 4,212.312 is the most nearly related to the invention 
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at hand. It disclos s forming drag reducing polym rs which are particulated by dissolving the polymers into a low boilino 
solvent which is water immiscible tog ther with surfactants to form an mulsi n and ther after removing the solvent 
fromth mulsion by flashing. 

[0019J U.S. 3.736,288 also has some r levance to the invention at hand. Th patent discloses slurry formation of a 
» water-soluble polymer drag r ducer. Th formulation compris s: 

(a) a particulate water-soluble ethylene oxide polymer, 

(b) a water-miscible, non-solvent, organic vehicle, 

(c) a suspending agent, and 
10 (d) a surfactant. 

The surfactant is employed to reduce the viscosity of the slurry but it does not improve drag reduction as is evident 
from the statement "the use of a surface active agent results in systems which are characterized by improved handling 
characteristics such as fluidity, pumpability, and/or pourability. Though the viscosity of the system is significantly de- 
creased, we hydrodynamic drag reductton efficiency charart^ ! |j nB s21-27) 
Data to support this statement is shown in Table 2 of the patent. It is emphasized that in that patent, the carrier fluid 
is irascible with water and the drag reduction occurs in water. This is contrasted to the invention at hand in which the 
earner fluid of the slurry is not miscible with the hydrocarbon in which drag reduction occurs. In the invention at hand 
* esurf acterrtseemstocomrolthe™^ 
20 do not wish to be bound to this theory. 

[0020] Canadian Patent 901,727 deals with a process of continuous polymerization. The process uses two rolls of 
sheeting which are formed into an envelope with a non-sealed but rolled edge. A liquid polymerization mixture is placed 
into the cavity formed by joining the two sheets. The process is useful for formation of compounds with pofymerizable 
oxygen functions such as ethers, acetate, totals, and esters. The enclosure is maintained until the polymerization is 
complete, whereupon the plastic sheet is recovered and the long strip of polymerized polymer is also recovered 
[0021] U.S. Patent 5,244,937 discloses that cryoground drag reducing polymers can be suspended in water using 
a thickening agent and placed into flowing hydrocarbons as a suspension. 

[0022] It is an object of the invention at hand to overcome disadvantages of the prior art and to provide a stable non- 
agglomerating suspension suitable for improving flow of a flowing stream comprised of hydrocarbons upon introduction 
therein to. Other objects will become apparent to those skilled in the art in view of the disclosure of this application. 

Summary of the Invention 

[0023] This invention relates to improving the flow of a flowing stream of hydrocarbons such as petroleum or products 
in a conduit such as a pipeline. It also relates to a stable, non-agglomerating suspension suitable for improving flow 
of hydrocarbons. Essentially, a flow improving amount of a stable, non-agglomerating suspension in accordance with 
claim 10 is introduced into a hydrocarbon stream. 

[0024] A further aspect of the present invention is a process for improving flow of a flowing stream comprised of 
hydrocarbons in accordance with claim 1. 

[0025] The extremely finely divided, non-crystalline ultra-high molecular weight, hydrocarbon-soluble, undegraded 
polyalkene can be prepared by polymerizing an alkene and reducing the polyalkene thus formed to a finely divided 
state at a cryogenic temperature below the glass transition temperature of the drag reducing polyalkene 
[0026] Oneway of effecting this is by the method taught in application U.S. Serial No. 08/234.636 filed May 6 1994 
and entitled "Solvent Free Oil Soluble Drag Reducing Polymer Suspension". The. method generally involves: ' 

(a) combining at least one alkene containing from 2 to about 30 carbon atoms with a polymerization catalyst in the 
substantially complete absence of oxygen and water in an impermeable organic polymer reaction enclosure ca- 
pable of substantially preventing passage of oxygen and water, the enclosure being of such size and shape as to 
effect high heat conductivity from the reaction enclosure contents to the exterior environment, 

(b) polymerizing the alkene while removing sufficient heat from the reacting polyalkene in the' reaction enclosure 
to maintain the reaction at a temperature suitable for production of non-crystalline, high molecular weight poly- 
alkene for a time sufficient to obtain such polyalkene afa level of at least 90 percent by weight based on total 
reaction content weight, 

(c) cooling the obtained polyalkene and the enclosure to a cryogenic temperature, and 

(d) reducing the reaction mixture and thus obtained polyalkene to a finely divided state at a cryogenic temperature 
below the glass transition temperature of the drag reducing polyalkene. 

[0027] Th suspension also compris s 0.5 to 30 percent by weight of a mono- r multi-hydroxy alcohol which is 
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substantially soluble in water, presently preferably a mono- or muW-hydroxylated alkane having 1 to 6 carbon atoms 
per molecule. 

[0028] The invention goes far toward solving the current major problem in this art. that is. th extreme difficulty of 
del.ver.ng ultra-h.gh molecular weight polyalkene flow improvers or drag reducers to injection points on lines for ex- 
ample at remote locabons, without a necessity of shipping the large amounts of other mat rials which have been 
Zo?l ? t0 '!* ^ art - The necess «y °* Unsporting and handling hazardous materials is liminated 
5S u"^" 88 8 W3y ° f contral,in 9 ^solution of highly divided particles of the flow improving 

polyalkene .nto the hydrocarbon stream. For example, dissolution can be controlled such that it occurs after passage 
3 P K mP J ? ° r constriction in 8 P'Pe"" 6 mata "' a '- As is known to the art. these materials are notoriously 

font? a! S 89 ^f 0 ? *T diSSOlVed Th8y are relatively insensitive t0 shear 85 ™croparticles in a suspension 
[0030] As relat,ng to the disclosure of U. S. 4. 212. 312 of a process to make a slurry drag reducer by diluting the oil 
soluble polymer .n a hydrocarbon, dispersing the solution in water with a surfactant, and then flashing off the hydro- 
carbon to leave a slurry of polymer in water with a surfactant therein, the inventive process has a clear advantage of 
avoiding the very difficult task of dissolving the polymer in the first place. The ultra-high molecular weight polygenes 
oMhe mvenbon are extremely good flow improvers, but are extremely difficult dissolve in an undegraded and effective 
state into hydrocarbons in a practical period of time, regardless of whether the hydrocarbons are a "solvent" or a 
petroleum stream Furthermore, the properties that make the ultra-high molecular weight polygenes of the invention 
excelten anb-misting agents also make it nearly impossible to emulsify hydrocarbon solutions of them without severe 

2SZ Sir E*M !?,?o y m 8 diSCl ° SUre ° f U S " 4 ' 212,31Z ,ndeed> " is very dubious 88 to tha P~cess 
disclosed ,n U S. 4.212,312 would even work with the ultra-high molecular weight polyalkenes of the invention at hand 
though it may have substantial merit for other polymers which it discloses 

iuSLi^ S S°^^ ared aC ^ rdi '? t0 tWS inVen,i ° n h8Ve B P0ten,ial,y hi 9 her P 0 '* 8 '* 8 " 8 concentration than 
JZSSE^S!?' ht ^ P^P 3 ^ w,thout a surfactant, tt Is surprising that the suspensions of the invention improve 
drag reduction and allow control of the onset of drag reduction by controlling the surfactant HLB. Reasoning from the 
state of the art it would be predicted that the hydrophobic tail of the surfactant would be oriented towards the polymer 
particle tous onentating the hydrophific tail out toward the water. Thus, it would be further predicted that the resultant 
cloud of hydrophilic moieties surrounding each polyalkene micro particle would greatly promote suspension stability 
but would also greatly h.nder the dissolution of the polyalkene into a f lowing hydrocarbon stream. Our invention I 
based on the unexpected discovery that the opposite in fact is true. The presence of surfactants having suitable HLB 
numbers .n the suspensrons unexpectedly aids dissolution into the hydrocarbons and improves drag reduction or en- 
hances flow improvement of the hydrocarbon streams. 

Description of the Preferred Embodiments 

35 [0032] The stable non-agglomerating suspensions of the invention somewhat resemble latex paint in physical ap- 

H ESLU S ' 9 ^ T 0 " 01 ,^ S ° ,VentS ° r h y drocarbons needs to ° a employed. Accordingly, handling and expo- 
sure hazards are substantially eliminated. 

KLh ThB . ,ine l y ° iVided P° lyalkenes of «•» invention «" be P^^ed by bulk polymerization of alkenes to form an 
21^ ^ P ° ly,ner ' Cf y°8 rindin 9 the P° | V m8r to 8 A" 8 Po^er. and mixing the powder with water and 
surfactant to obtain a stable slurry. Use of a suitable suspending agent is highly beneficial to obtain stable slurries or 
suspensions. In addition to water, surfactant, and the highly dispersed, extremely finely divided, non-crystalline, ultra- 
high molecular weight, hydrocarbon soluble, undegraded polyalkene of the invention, the non-agglomerating suspen- 
sion also contains from about 0:5 to about 30 percent by weight of a mono- or multi-hydroxy alcohol which is substantially 
soluble in water, presently, preferably an alkanol, alkane diol, or a multi-hydroxylated alkane having about 1 to about 
6 carbon atoms per molecule. Although it is possible to employ other solvents or additives with bulk polymerization 
processes, it is preferred thatthe reaction end product be as solvent-free as possible, providing a substantially solvent- 
free pcjyrnenzation process and drag reducing product. Normally, the bulk polymerization reactor contents will contain 
at leas 80 percent polymer by weight. The reactive alkenes are normally substantially totally polymerized (above 95 

^L P !^e yrner K COnte , n, .^ ? i9ht) ' a ' ,h0U9h lhe reaCt0r 080 08 vi8 °osity-modified by the addition of non-reactive 
^ , T«« h y drocarbons ' R88Ctiva 8| k 8 " 8 s wi» normally comprise at least 80 percent of a total reactor 
content, and preferably 90 percent of a total reactor content. 

[0034] According to one presently preferred embodiment, the polyalkenes of the invention are prepared by carrying 
«.^!*Sl 0n 1 - alkenes , cont8inin 9 from 2 to 30 carbon atoms wherein the polymerization is carried out above 
I 7 S ( J k I r6m ? V,n ? ' C,ent h8at ° f reaction t0 a,low formation of a substantially non-crystalline, hydrocarbon 
soluble, ultra-h.gh molecular weight, polymer having an inherent viscosity (IV) of at least 20 deciliters per gram IdUa) 
Pdymenzation is earned out using catalysts requiring exclusion of oxygen and water deactivation by water or oxygen 
[0035] In a moregeneral aspect, the polyalkenes of the invention can be produced via bulk or solution polym rization 
fromalk n stoproduceasubstentiallynon-crystolline.hydrocarbon-soluble.ultra-highmolecularweightdragreducing 



10 



15 



20 



25 



30 



40 



45 



50 



55 



5 



EP 0 885 259 B1 



10 



15 



polymer which is effective to impart flow improvement to flowing streams of hydrocarbons 

2to?n,iL S fy^^^'te^nb produced by the bulk r solution polymerization of alkenes containing 
2 to 30 carbon atoms in the presence of a polymerizali n catalyst under polymerization conditions while removina 
suffice heat of reaction to obtain a polym r having an inherent viscosity (JV) of at least 2TdecrrsTgrm7J3 
Sin" ^"l^ 25 r 9 reateris P' f "*d. Though bulk polymerization is disclosed in detXr^eq^ 

^l^indetailinapptica^r! 

?r° 37J u ?^ USe ,°! th6 extreme| y ni 9" molecular weights involved, the procedure fordetermining IV is modified usino 

^ „ "** ° f 300 8econds ' 1 **** the results of the high shear bulb are not used 

„ £f V*, f6dU f 3rt ,SaCheS ^ * is nece8sar V to kee P ™*">mer concentrations low (below 20 percent 
by w^ght total polymer) ,n solution polymerizations in order to achieve molecular weights capable of Sn7^a 

portron of the reacbon be earned out at low temperatures and the monomer is chilled. Such polymers can also be 
employed in accordance with this invention. poiymers can aiso oe 

[0039] Ultra-high molecular weight polyalkenes produced by bulk polymerization of 1-alkenes can be produced at 
re.at.vely h,gh temperatures and at high monomer concentrations. These ultra-high molecular weign ^yaSelo 

fSJf 01 ^TT^ Pr8ferred finely oivWeo ' non-crystalline, ultra-high molecular wefcht. hydrocarbon soluble 

(a) combining at least one alkene containing from to 2 to 30 carbon atoms capable of being polymerized to form 

IZZ Z 6 ' U,tra * hi9 . h m ° leCU,ar Wei9hl P 0 '^ 6 " 6 wm a Po'ynenzaUon catalyst in a thin-SlmpenT 
abtoorgarnc polymer react^ encloaum capable of subsfantially preventing 
taction endosure. me enclosure beingo^^ 

enclosure contents to the exterior environment, ^ tne reac " on 

(b) polymerizing the alkene to produce a non-crystalline, ultra-high molecular weight polyalkene while removina 
sufficient heatfrom the reacting alkene in the reaction enclosure to maintain me reason aLem^ 
tor product™ of non-crysta«ine. ultra-high modular weight polyalkene for a time sufficient to 

(c) cooling the obtained polymer and the enclosure to a cryogenic temperature and 

(d) reducng the reaction enclosure and obtained polyalkene to a finely divided state at a cryogenic temperature 
below the glass transition temperature of the polyalkene. temperature 

EL?* t8rm " subs , tentia,| y" 38 0860 in «• context "*>ans that the reaction enclosure is capable of excluding 
^'antoxygenandwatertopermK^ 

40 oxygen may in fact pass through the reaction enclosure. -mourns or water ana 

[0042] \t is generally recognized that a problem with bulk polymerization Is removing the high heat of reaction since 

temperatures reached can rise 260»C (500'F) up to about 304»C (580°F). As set forth in Mack US 4 358 572 the 

« ^Z^ZZZS. ^ ^ ^ ** inh6rent ^ ^ **" meaSUreme " l " 

Sni Z £5 po,yn, , erizaUon8 ' 108 ultra -hi9h molecular weight polymer of the invention can be obtained without 
cooling the feed or cool.ng the reaction mixture to low temperatures. The reactions of the present invention opMv 
can be convenienffy started at room temperature and the temperature rise held to about 16-C 60'R to pSSe a 
preferred ultra-high molecular weight polymer. ' prov,ae 8 

[0044] It is, however, necessary to control the heat rise in bulk polymerizations in oraer to obtain maximum molecular 
weight (inherent viscosity) required for best drag reduction. There is a maximum reaction enclosure d menS above 
which reacbon heat cannot be removed faster than generated by the reaction. In polymerizaZreaSon^ ulg *e 
a kenes desenbed the max,mum thickness is estimated to be about 9 inches. However, in order to keeMne tomoer 
atures sufficiently low to make ultra-high molecular weight polymer everywhere in the reaction containeMt s preSred 
todesignreactionenclosuresas.srnaltaspossiblemtte 

mat max,mum surface area is exposed to a cooling medium in order to obtain ultra-high molecular^eight 22 
0045] Polymenc boffies and bags have been evaluated and found to be effetfve colymerizatTS 
(reachon enclosures). Howev r.th produced polyalkene is xtremely adher nt to thewaUs of sue SSJTt 
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and therefor polymeric reaction vessels are ground together with the final product in forming the drag reducina or 
flow improving materials of the invention at hand. It is. of course, possible to carry out bulk polym rizauon to produce 
suitable polygenes in conventional reactors, belt polymerization systems, clam-shell reactors, r reactions in sinale- 
layer polymer reactors (bottles or bags). While all reactor types can be used, the presenUy described preferred mooes 
ar simply the most effectiv means found so far. 

Ttebulkp^rronzati™^^ but it is presently preferred 

tocarry utth reachoninme presence ^ 

2 Wa » ^ ,nflly " reaCti ° n enC,OSUreS must * mBde <* b "" ter P 01 ^' 8 which ^e capable of excludK 
and water from the reaction mixture during the time the reaction is taking place. These barrier poiymers are cSine 

S2T "° n K ! 1" T TOCa r * 0n * wWch the drafl reducing ^-crystalline polymers are soSe at ZSSS. 
dftom. suchas crudeo.1 or refined products. Cross-Wnking may be present in these barrier polymers 
[0047] Suitable polymerization has been demonstrated with bottles and bags containing 5 to 7 layers includino a 
SETT" P °' y0le,in h 8lJCh 38 P*P"W<«. Polyethylene, po.ybuty.ene 9 a bondingTolyme, iSEfitZ v7n* 

L^SlT V n T, an0th8r b ° nding P 0 ' 5 " 716 ^ and extema "* "« ^ Polyethylene, polypropylene 
or polybutylene. Use of polyethylene terephthlate as an additional layer to add reactor strengths at highVmperoS 

polypropylene, polybutylene. and the like are excellent water barriers, but do not permit the passage ofoZen 2 
toesebamermatenalsdo not have good mutual adhesion, a polymerdesigned to adhere to bomLanLchedteCeen 
toese matenals as an adhesive there between. An example of the bonding polymer or adhesive are Jco-Vx^Se 
adhesive polymers sold under the trademark "BYNEL" by the DuPont Company. co-extruoawe 
2USi . B ^.^ **** also "as better oxygen barrier properties when dry. and placing the ethylene vinyl 
alcohol layer .ntenor to the water resistant exterior polyolefin materials enhances its oxygen bamer effectiveness A 

ZiZtT- 1?? ,' ayer ? djaCen< 10 *• reaCti ° n miXtUre is 10 > rotect the — y- 2" *• ^ncSgrou^on 
the ethylene vinyl alcohol copolymer. a>«up» on 

[0049] Although the foregoing reactor materials have been used successfully, it is apparent that substitutions can 
^madebythoseskHledintheart. For example, some ^m^p^^J^^^^^^^ 

f^T? ,aSt,C ' P ° ly0le,in8 replaC8 tn0se menttoned for fo rming!he boWesTnd Z^SSZ 

for ^st-effecbveness and readily available materials, the ones specifically mentioned are preferred, although there is 

d0eS " 0t havaan adveree effect on drag reduction or flow improvement or on the hydrocarbon in 

S^S^X 9 77??"??* 8,008 ,h8 0,39 rBdUCin9 is "^"y P™ 38 "' at levete "o higher than 50 

KLSLSF J""? hydrOCarbon ' the dis P° sable rea <*>r particles are present at levels of less than 1 ppm 
ItonTfn thl^ream ^ PrinCiPally hydrOCarbons and are sim P'y along with the other hydro^ 

[OOSO] The Ziegler-Natta catalysts used can be any of those described in the art. Particularly useful materials are 

^ t' 4 ' 493>9M - T° some degree ' tna concentration of catalysts which is optimum depends upon the dirnensions 
of the reaction vessel, which is most likely related to higher temperatures which in turn results from largerTessels 
Cooling can compensate for differences in catalyst concentration to some degree. In bulk polymerization systems' 
atttKMioh rar " ^ Dica at a concentration of 3500 moles monomer per mole transition metal halide in°he ratalyst' 

2S?£!? ^ T ^ 38 ' OW 38 500/1 to 38 *** as 10 - 000/t « more - Catalyst concentration affects rate cl 
reaction and temperature as well as molecular weight. 

S UBI kIT 9 th ! fofe90in9 Cat3ly8tS in DUlk Po^a^tions, consistent conversions of more than 95 percent p* 
or more, and most preferably more than 95 percent by weight non-crystalline drag reducing polymer based on tola 

uro current commercial products cannot measure the resultant product. At the current test concentration (Procure 
A) of 0.1 dUg us.ng toluene solvent, the bulk polymerized polymer tends to plug the capillary tubes. IV is utilized as 
an mdirec measurement of molecular weight because the extremely high molecular weight of these materials makes 
the normal methods of determining molecular weight unreliable. Accordingly, inherent viscosity is determined for bulk 

S^SX""? ^ I ?T Ubbe ' 0hde foUf - bUlb *- dMon viscometef a <* a revised pSu»t 
accommodate the extremely h.gh molecular weight (0.05 gram polymer/per 100 mi ters hexane solvent at 25°C) 

Inherent v,scos.t.es are calculated for each of the last three bulbs (the high shear rate bulb is discounted because of 

excessive shear thinning) and plotted as a f unctton of average shear rate. The plot is then used toTtSn a7Sne?en 

= ty at a shear rate of 300 seconds^ (Procedure B). Typical values of bulk polymers are 25 to 31 dUg 

pSriztd^^ 
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TABLE 1 



15 



20 



25 



30 



35 



40 



45 



50 



55 



| Samp! 


A(dl7g) 


B(dL/g) 


Rati B/A 


1 


15.6 


23.2 


1.49 


2 


15.9 


23.9 


1.50 


3 


15.8 


23.9 


1.52 


4 


15.9 


24.0 


1.51 


5 


15.7 


23.8 


1.52 


6 


15.6 


24.3 


1.56 



Snot B te foS 6 ^ P ° lymerS C0UW ^ ^ te8t9d US ' n9 Pf0CedUre A 8inCe 8 80,uCon ^P 3 "' 8 * bei "9 tested 

Ei,SrT r,.!^ 8 ^ afi8C,iVe relatiV& to ^ 8olution materials now in commercial 

use which contain solvent, although certain solution polymerized materials which meet the needs of this invention ran 

ntmtor oS?^95° PO,ym8riz8d *>W°™ as can the method disclosed in applicaKon 

[0055} If a solution polymerization procedure is employed to prepare suitable polygenes, it is often appropriate to 
precipitate the polyalkene as with an alcohol, dry to remove the alcohol, and then cryogrind according JZZ^t 

[0056] Thefollowingisanexampleofpreparatto^^ 

L,h!h T 3 9 r8dUCi " 9 Pa8te by P feci P itefon «* Polyalkene from a solution polymerized drag reduce was 

^ r" 9 ^ fS 58 ^ to ** tham m FiflUfe * <* application number 08/081.495. The apparatus 
^s's^ofamnneM^ 

=3 8cm). each pipe was 0.9 meters (3 feet) in length. The 1 .27 cm (1/2-inch) pipe contained 240 0 3 cm (1/8-inchi 

of and sold by Conoco Specalty Products. Inc.. was introduced into the outer pipe at a rate of 0.15 1 (0 04 qaHc-nV 

the apparatus^ consisted of preciprtated polyalkene in the form of small stranded (about 2.5 cm (1-inch) long) pieces 
entmined^ 

ofthedragreducersolyentfrom that part of the polyalkene solution. The mixtures allowed to flow into 208 iTs^al- 
SSJSir ^ 8re * 8 ™ rt 1 ure was Periodically stirred and allowed to remain for three days. After three days the 

P 

after drying). The polyalkene pieces were then placed into an oven at about.71 (160) degrees C (F) for drying The 
rS'T'^ T CrV09,DUnd t0 pr0dUCa 8 fin9 dr89 r8duci "9 P°wder During mis cryogri ding a 

!5 * 8p ' 8S8n,ativ8 but "on-exhaustive examples of suitable coating agents are alumina, calcined clay, talc car- 
bon black, ca cum stearate, magnesium stearate. and the like. The level of coating agent may vary depending on the 

SXS? J*" b ! " P t0 8b0Ut 30 40 35 pranl based on «- weigh? of the ^TaEEESfi 

agents can be used and may be desirable for creating a stable slurry. 

22?.i P ? Wdered dr89 r8dUC8r 18 8dd8d (f0llOwin9 ■ tom * and Asportation) to a stirred container of water 
whKh also contams a small but effective amount of a surfactant having a HLB of 10 5 to 20 and other materials as 
disclosed In this application to prepare a stable slurry. maienais as 

apolymerwh.ch.sult.mately substantially noncrystalline and hydrocarbon soluble. Substantial amounts of lower car- 
*l be tess^bleTZn I"? 88 a Jr l8n8 and prop * 8n8 «■ ""irately produce a more crystalline product which 
. hydrocarbons - "owaver, these materials can be present for whatever advantage they 
offer to parfcular solution of problems in specific flowing hydrocarbon systems . Thus, from 5 to 50. mole percent of a 

SeaiS m ° n0mer ' S entirely fe8Si ^ Whila aCWaVing hiflH molecular weights and dissolution in flowing hydrocarbon 
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15 



20 



25 



35 



40 



45 



50 



55 



ST C "SET* u U6,iZe " m0n ° merS ' indivWually by C 2 , C,. C, C 5 

^6- c 10 . c 12 , c 14 , 0,6, and th lik . M nomer mixtur s appear to react at least as fast as indMdJ mLnm«J 
but to resutent copolymers seem to hav less crystallinity ton homopo.ymers because d ^^^Z^ 
us d Lack of crystallinity. is extremely advantageous in dissolution of to materia.sTn T tZ^TsZTJ, 
> resu.tant .ncrease in drag reduction or flow improvement While even number carbon atom mCme^are 

[0061] For reactions which are incomplete, removal of unreacted monomer is advantageous and this can he «,rri«H 
io F*l T""" 1 dryi " 9 Wi « h Precipiteti0n accordi "9 to well-known tS fques SoleveMt^ 

S°l 6 l i ,?1 C8the P ?^ alkene is ground, it is slurried in a water-alcohol solution, suitable alcohols are those ate- 

mZ^uZS^i^Tl V,SCOSrt y ,n9 (suspend,ng) agents and surfactants used. It is often desirable to emplov 
sufficient alcohol to .mpart freeze resistance to to slurry when the slurry may be exposed to freezina ZZ tS 

mtothef.ow^nghydn.carbonstream.lnordertoincreaaetovisLityofthes^ 

surfactant. For example, if HLB is 0 it means that the surfactant is oil loving If the SSSTSZ £ - . 
rnus, the lower to HLB value, the more lipophilic the surfactant and to higher the HLB value the more 
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(0069J Accord.ng to the invention, a small but effective amount of a surfactant having a HLB of at 

tefrl in a «! a ^Tll' 5te 7 t Pk ^'- "'^^P^^thattheHLBof th surfactant or mixtur of surfactants 

SSh,i»? allb lf BC,iV am ° Untn 06 dis 8 e " e '«llyintherangeofabout0.05toab O ut1p rcent 

oy weight of the suspension weight. H 

SS^t ^ ,e2 ' f ^ in 9;^sclos stypicalbutnonlimltingsusp nsion or slurry recipes useful for the invention "HEC" 
SrHl y f^^^ ,,U,08e ; m refeFS ^ ^VP^Pyi 9^ gum; "Triton X.45" is the trademe^ UnSn 
£££ ITIJSS? ^.^^^ surfacte * — ^ it; "MERPOL - SP is the MmJSL DuZt 
Company for the ethylene ox.de condensate nonionic surfactant sold by If "XAN-VIS" is a xanthan gum suspend?™ 
agent; the numerals ,n each box are exemplary amounts and the numerals in parenthesis () are exe^ 



TABLE 2 
Slurry Recipes 



water kg [lb] 



Comparative 



454 [1000J 

(363-644) 

[800-1200] 



Comparative 



464 [1000] 

(363-544) 

[800-1200] 



Exemplary 



454 [1000] 
(363-544) [800- 
1200] 



Compar ative 

454 [1000] 
(363-544) 
[800-1200] 



jsop/opanol kg [Zb] 



4.6[10.1] 
(3.2-6.8) [7-15] 



45 [100] 
(23-68) [50-150] 



propylene glycol. I 
lib] 



9.1 [20.1] 
(6.8-11.4) [15-25] 



antrfoam 1410 kg 
Pb] 



7 J [17] 
(4.5-9) [f 0-20/ 



11.8 [26.0] 
(9-18) [20-40] 



11.4125] 
(4.5-13.5)[10-30] 



surfactant kg [lb] 



2.4 [5.2] 
(0.5-9) 11-20] 
TRITON X-45 



5.1 [11:2] 
(0.5-9) [1-20] 
TRITON X-45 



NaHC03 kg [lb] 



0.2 [0.4] 
(0-0.5)[0-1] 



1-8 [4] 
(0-4.5)[0-10) 



9 [20] 

(6.8-11.4) [15-25] 



2.3/5/ 

(0.5-9) [U20] 
MERPOL-SE 



3.6 [8) 

(0.5-9) [1-20] 
TRITON X-45 



0.9 [2] 

(0.5-1 .4)[1-3] 



Na2C03 kg [lb] 



0.2 [0.4] 
(0-0.5) [0-1] 



2.3 [5] 

(0-4.5) [0-10] 



2.7/6/ 

(0.9-3.6)/2-8/ 



cryoground polymer 
powder kg [lb] 

suspending agent 



245.2 [540.6] 
(227-272) [500-600] 



249.5 [550] 
(227-272) [500-600] 



226.8 [500] 

(1 81 -272) [400- 600] 



154.2 [340] 
(136-181) [300-400] 



kg lib] 



2A [5.3] 

(1.4-2.7) [3-6] HEC 



3.0 [6.5] 

(2.3-3.2) [5-7] HEC 



0.8 [177 

(0.5-0.9) [1-2] HPG 



3 [2.8] 
(0.9-1 .4) [2-3] 
XAN-VIS 



[0072] TaWe3,Wlatfng f 

including trademarks for the materials, chemical names, and HLB numbers. 





Specific Exemplary Surfactants 


Merpol SH 
Merpol OJ 


ethylene oxide condensate, non-ionic HLB: 12.8 
ethylene oxide condensate, non-ionic HLB: 12.5 
ethylene oxide condensate, non-ionic HLB: 10.5 
ethylene oxide condensate, non-ionic HLB: 
octyiphenoxy polyethoxyethanol, non-ionic HLB: 10.4 
octylph noxy poly thoxyethanol, non-ionic 


Merpol SE 


Alkanol A-CN 


"Triton X^5" 


"Triton X-100" 
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TABLE 3 (continued) 




Specific Ex mplary Surfactants 


Triton X-102" 
Trit n XL-80N' 


HLB: 13.5octytphenoxy polyeth xyethanol, non-ionic HLB: 14.6 

alcohol is primary alcohol, alcohol Co-Cm ethoxylated Drocoxvlate norvinnir mi r- a 
polyoxyethylene sorbitan monolaurate, nonlonic HLB: 16.7 
polyoxyethylene sorbitan monopalmitrate, nonionic HLB: 15.6 
polyethylene glycol ether of linear alcohol, nonionic HLB: 12 1 


Tween 20 


Tween 40 


Tergitol 15-5-7 



[0073] optionally, biocides and defoamers can be employed to prevent bacterial growth in the slurrv mixture an* to 

ssxttzszsr* " - ^ - 7h - - • - ^™ « 

l ZltJ^l e T7 b M ™™ xhaustive exam P ,es of defoaming materials are the agents marketed under the An- 

iSSS^Si^S^^ Mid ! a . nd> Michi9an - USA - and the producte marketed under *• *** 

oreaKer trademark of and sold by Witco Chemical Company, Organics Division 

Eldem^oTa^oW^S 8 ^ f^^' 88 ° f •*"*" m Pol/oxymethylenes such as Do- 

ra07« A^lt 1, , y 2°*f ham ? Ml C ° mpany and Pf0Xel BD ' a lrademark <* and 8oW °V 'CI Americas Inc. 
A " Wreezemate " alsoth er than alcohols can also be employed for appropriate conditions 

S3*. . ""TS 0 " fe m ° re fU " y deSCrib8d Wlth reference t0 *" exam P' es wherein a " and percentages are 

%E2Z JET specffied The examples are provided ,0 exempli,y and illustra * ^ ^ 

toTmT]^ 
Example 1 



[0078J A catalyst slurry was prepared by combining .40 grams of TiC^AA in solvent (solvent level is chosen to be 
timen^Srnu^ 

SI?' . ^5° T** (118 li,er) ,aminated barrier bottle was filled with 1 °00 grams of decene and aluminum alkyl co- 
re c SnlS S^kT "HT -nd ^ Cata,ySt W3S injected into me b °" ,a * «•» PoTymeSt^ 

22, th kT °? tC 10 SeC ° ndS ' th8n PUf int ° 8 r0,ling tube 10 ^t'"" 9 agitation for about™ 

minute. When the bottles emerged from the roller the reaction had proceeded to the extent that the decene had 
viscostfed such that thecatalyst did not settle. The bottles were placed into a remgerated ^ 
the bottles were returned to ambient conditions and allowed to stand for two weeks to complete the poJmeriiSon 
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Catalyst Activati n 


T1CI3.AA 

sluny in approximately 40 ml solvent (solvent level is chos n to be suffici 
Dibutyl ether 


0.40 grams 

(0 0 m mnlae\ 

V^.u 111 riiuieS/ 

ntt agitate the 7ICI3,) 
0.38 ml 

/9 9 m moloe\ 

fii f notes j 


agnate Tor »su minutes 




Diisobutyl aluminum chloride (25% in heptane) 


4.0 ml 

(4.0 m moles) 


agitate for 30 minutes 





Reaction in 40 Ounce Polymerization Bottle 


Decene 


1000.0 grams 


Diisobutyl Aluminum Chloride (25% in heptane) 


10.0 ml 


Catalyst from above recipe 


4.0 ml 



[0080] Such a catalyst typically has about 95% conversion to polymer having an inherent viscosity of 28 dl/g. 
Example 2 



[0081] A second catalyst was prepared using the following recipe and method of 



preparation: 



Ticia aa ~~ " " : : — 

slurry in approximately 40 ml solvent, such as hexane (solvent d 
Dibutyl ether 


0.40 grams 
(2.0 m moles) 

losen to be sufficient to agitate the TiCI3) 
0.38 ml 

(2.2 m moles) (2.2 m moles) 


Agitate 30 minutes 




Diisobutyl aluminum chloride (25% in heptane) 


4.0 ml 

(4.0 m moles) 


Agitate 20 minutes "~~ " 




Polyethylene siloxane (PMMS) 


2.0 ml 

(2.0 m moles) 


Agitate 10 minutes ~ 
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[0082] Typical results will closely compare to those for the recipe derived in Example 1 . 
Example 3 

n°!! 8 ?, f ate ^^^ a8in&amp,Mlw2rante P re P aredutilizin S«'«»'- therein the catalyst activation r cio 

S2J£?i" T? ^ GXperimerrtal| y * Ma <* in P— « ^.416.714 to increase inZnt WscosS 
of produced polymers at a decreased rate. In bulk polymerization systems the rate decrease is not MtetfS 
these matenals will produce effective drag reducing polymers. ease is not significant and 

Example 4 

SSL r^f 1 S Prepa f 0n <* f* ar "P'°s 1 and 2 is repeated utilizing catalyst described in Mack U.S. 4 493 903 



Catalyst Preparation: " " ' " 




71CI3AA (Type 1.13) 

slurry in approximately 40 ml solvent, such as hexane (solvent chosen to be suf 
Triphenyfphosphine 


0.40 grams 
(2.0 m moles) 

ficient to agitate the TiCl3) 

' 0.45 ml 
(0.3 m moles) 


Agitate 30 minutes 




Diisobutyl aluminum chloride (25% in heptane) 


4.0 ml 


Agitate 30 minutes ~~ " " 





Example 5 



52 JST 9 , ? ^ th3t deSCnbed in Example 1 ' bulk P 0| y"erized material was produced in numerous 

bottles. Bottle lids were removed and the bottles were chopped into chunks averaging about 1/2 inch M Tm7£ 
diameter** ease of handling. The chunks were thencryoground under liquid ntaaeniSL^^I^^ 

So° 8 « "t, e " fl ° W,n9 diVWed in ,h8 preSence of a ca,cium Pining agent 

S«! 1 Jl! e h Cry09 £ free-flowing powder and partitioning agent were allowed to warm to ambient conditions at 

room atmosphere. The warmed particles were then slurried and suspended. The final suspension conteS 

86 grams ground powder (30% solids loading in the sluny) 
1 gram Dowicil 75. trademark of and sold by Dow Chemical Company, as biocide 
6 grams AnWoam 1410. a silicon-based antifoam trademark of and sold by Dow Coming Corporation 
gram non-.on,c surfactant (Triton X-45. trademark of and sold by Union Carbide) W5rp0ral,on 
1 .2 grams hydroxyethyl cellulose. ' 

S2 I^" 1 ^ 1 ^ ^ f W9h SPSed for 20 minu,es and produced 8 slable - latex.like sluny. 

CL p r^.?t f0,l0W ' aCtUa ' dr39 r8dUCti0n data is presented ' Referenca * made tola article "Drag 
Reduction Fundamentals" by P. S. Virk. AlChEJouma!. Volume 21 . No. 4. July, 1975. This article provided a compete 

ZSTJ* ' 0f f drag M reduction in ,urt > ulan « "^9 dilute polymer solutions. Precise^ seated thl artfce 

re«e?n^ 
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th* solvent 99 "" 8 *"* " 11,8 WCti ° n factor/Re y nolds number relationship is th same as for 

(2)Th second regime is a drag reduction regime in which the friction factor depends nthenature fthepolvmer 
solution, such as the polym r concentrati n and m lecular weight. 

IUm r69 , ime 'I 3 " «9ime of maximum possible drag reduction described as a universal rul 

that depends only on Reynolds number and is independent of additiv properties r concentrations. 

t ° 08 ?! l . ! Xam l eS 1 m «>ugh 4 thus disclose preparation of only some exemplary norvcrystalline ultra-hiqh molecular 
wejgh hydrocarbon so.ub.0 po.yalkenes of the invention. Others can be prepare? as des^bed ZEJSJSSj 
5 discloses preparation of an exemplary stable non-agglomerating suspension of the invention. 

Pipeline Tests 

™ s ^f„ r ! e ,L 0f mnS f Were made aCtUa ' Cmde 0il P^™* to demonstrate the effectiveness of the 

,he ' nvenll ° n comparison to suspensions not containing surfactant within the requirements of the 
invention. The results are presented in Table 4, following: 



TABLE 4 




Comparison of Dissolution Rates 




percent-Polyalkene Dissolved 
Downstream of Injection Point 


Total Percent Dissolved Just 
Upstream of Pump Station 


Percent Dissolved After Pump 
Station 


No Surfactant 


35% 


70% 


30% 


Surfactant 


75-95% 


95-100% 


0 




If°r!!lLt,- V-~ T" "" l " su " Bl;,aniaccorain g io tfeinventiongreatlyimprovesdissolution 

of polyalkene mto a flowing stream of hydrocarbons. The data also demonstrate tailoring surfactant concentres 

STREET T? ^ ,U,kM1 8UCh ** fl ° W ' mp,DVernent m * ht * avai,ab,e Passing Trough a 
shear point in a flowing hydrocarbon stream. M 

[0092] Since the first series of runs contain some variables other than surfactant type, a second series of runs was 



TABLES 




Slurry Recipe 


3750 gr 


water 


94 gr 


antifbam 1410 


19 gr 


surfactant | 


26 gr 


Hydroxyethyl cellulose 


938 gr 


polydecene powder with 25% calcium stearate 



[0093] This series of runs involved injection of the surfactant types as shown in the following Table 6. 



Drag Reduction in Pipeline 


Slurry 


Surfactant HLB 


Polyalkene Concentration (ppm) 


Percent Drag Reduction 


No Surfactant (comparative) 




2.6 


19.6 


with 0.4% Triton X-15" 
J (comparative) 


3.6 


2.7 


22.9 


with 0.4% Triton X^5" "~ 
j (comparative) 


10.4 


2.9 


' 31.2 
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TABLE 6 (continued) 



L ^ Dra 9 Reduction in Pipelin ===== 


Slurry 


Surfactant HLB 


Polyalkene Concentration (ppm) 


Percent Drag Reduction 


with 0.4% Triton X-100" 
(exemplary) 


13.5 


2.8 


33.4 ~ 



[0094] Drag reduction from slurries without surfactant (as a control) and three different types of surfactants were 
compared The results are summarized in Figures 1 and 2 of this application. These results indicate that all three 
surfactants improve drag reduction. Since all of the slurries were identical except for surfactant, it is believed that the 
drfferenceis shown in Figures 1 and 2 are related to dissolution rate. Drag reduction from the slurry without surfactant 
was lowest. wh.ch can be attributed to less polymer in solution. Less polymer in solution vvithin a p^line tJsegnJn 

wou d eventually dissolve and provide drag reduction over a longer distance, for example, even being able to pass a 
poin of shear .n a flowing stream of hydrocarbons. Table 6, preceding, shows the kinds of surfactants employed their 
2f 1? ~ nt » n ^ b ° nof lk «nes, and the percent of drag reduction obtained. Further information on the types 
of surfactants employed is found in Table 3. 



Claims 

1 . A process for improving flow of a flowing stream comprised of hydrocarbons comprising: 
introducing into the stream a stable non-agglomerating suspension which comprises 

(a) water 

(b) dispersed in the water, and insoluble therein, a non-crystalline, hydrocarbon soluble, polyalkene having 
2 to 30 carbon atoms per alkene precursor and an inherent viscosity of at least 20 dUg 

(c) surfactant having a HLB of between 1 0.5 and 20, in a concentration of from 0.05 to 1 percent by weiqht 
based on total suspension weight, and y 

(d) from 0.5 to 30 percent by weight of a mono- or mutti-hydroxy alcohol which is miscible in water so as 
to form a continuous phase said alcohol having the formula R(OH)n, where R is an alkyl radical having 1 
to 6 carbon atoms and n is an integer of 1 to 4, 

wherein the polyalkene is prepared by: 

(e) combining at feast one alkene containing from 2 to 30 carbon atoms with a polymerisation catalyst in 
the substantially complete absence of oxygen and water, 

(f) polymerizing the alkene at a temperature suitable for production of non-crystalline, polyalkene for a 
time sufficient to obtain such polyalkene, 

(g) cooling the obtained polyalkene to a cryogenic temperature, 

2. The process of claim 1 wherein the polyalkene is prepared by bulk polymerisation. 

3. The process of claim 1 wherein the polyalkene is prepared by solution polymerisation followed by drying. 

4. The process of claim 1 wherein the stream comprised of hydrocarbons is petroleum. 

5 * Pf ^!f S ? ° laim ' WhGreln lh8 P° , y a,keno uprises from 1 0 to 40 percent of the total suspension weight and 
the surfactant comprises 0.05 to 1 percent of the total suspension weight. 

6. The process of claim 5 wherein the surfactant has an HLB of between 10.5 to 15. 

7. The process of claim 6 wherein the surfactant is selected from the group consisting of organic ammonium phos- 
phates, ethylene oxide condensates, ethoxylated alcohols, alkyl aryl polyetheralcohols, alkylphenol hydroxypoly- 
oxyethylenes, polyoxyethylene sorbitan monolaurate, polyethylene glycol ethers of linear alcohols and octylphe- 
noxy poly thoxyethanoL 
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8. The process of claim 6 wherein the suspension additionally contains a polymeric thickening agent. 

9. The process f claim 8 wherein the polymeric thickening agent is a water soluble polym ric thick nine ao nt 
selected from the group consisting of guar gum, guar gum d rivatives. hydroxym thylcellulos , xanthan gums 
polyacrylamid s. hydroxypropyl cellulose, modified starches and polysaccharides. a gums, 

10. A stable non-agglomerating suspension suitable for iniproving flow erf a flcwing stream comprised of hydrocarbons 
upon introduction thereinto which comprises: "yuiuwnuons 

(a) water 

(b) i highly dispersed in the water, and insoluble therein, a non-crystalline, hydrocarbon soluble, undegraded 
Polyalkene .having 2 to 30 carbon atoms per alkene precursor and an inherent viscosity of at least 20dUg 

(c) a surfactant having a HLB of between 10.5 and 20. and «wi«jaug, 

(d) from 0.5 to 30 percent by weight of a mono- or muttt-hydioxy alcohol which is miscible in water so as to 
form a continuous phase said alcohol having the formula R(OH)n, where R is an alkyl radical having I to 8 
carbon atoms and n is an integer of 1 to 4. • • 

wherein the polyalkene is prepared by. 
^combining at least one alkene containing from 2 to 30 carbon atoms with a polymerisation catalyst in the 
substantially complete absence of oxygen and water, 

(0 polymerizing the alkene at a temperature suitable for production of non-crystalline, polyalkene for a time 
sufficient to obtain such polyalkene, .t~j«««»iurdime 
(g) cooling the obtained polyalkene to a cryogenic temperature, and 

^Z^lZ^T™^™ * 8 c,y098nic ,emperature be,ow ■» 9,ass """■«■ •»r" u » 

11. The use of the suspension of claim 10 in a stream comprised of hydrocarbons is petroleum. 

12. The suspension of claim 10 wherein the polyalkene comprises from 10 to40 percent of the total suspension weight 
and the surfactant comprises about 0.05 to about 1 percent of the suspension weight. 

13. The suspension of claim 12 wherein the surfactant has an HLB of between 10.5 to 15. 

14 ' IhtZ?r£L°I C ' aim J 3 ^ I" SUrfaCtant iS 8e ' eCted from the flroup con8i8tin 9 °f "JNe emmonium 
phosphates, ethylene ox.de condensates, ethoxylated alcohols, alkyl aryl polyetheralcohols. alkylphenol hydrox- 

pTenSSyS y,8ne 80rt>itan m0n ° laiJrat6 - **y°W°™ ■*»• ethers of linear aSsar^S- 
15. The suspension of claim 13 wherein the suspension additionally contains a polymeric thickening agent. 

16 ' 2^2ZlSf daim 15 Wh ! rein ? 8 P ° lymeriC thiCkenin9 898nt fe 8 W8ter SOluble ^V™™ micke ™ n 9 ^ent 
k 9 T UP COnS,S 1 t,ng ll ° 9uar 9 um - 9 uar 9 um derivatives, hydroxymethy. cellulose, xanthan gums, 
polyacrylamides, hydroxypropyl cellulose, modified starches and polysaccharides. 

PatentansprQche 

Einfuhren einer stabiien nicht-agglomerierenden Suspension in den Strom, welche umfasst 

(a) Wasser 

(b) ein in dem Wasserdispergiertes und darin unlosliches nichtkristallines kohlenwasserstofflosliches Po- 
2o2ta Kohlenstolfatomen pro Alkenvoretufe und einer inharenten Viskositat von wenigstens 

(c) ine oberfiachenaktive Substanz mil inem HLB-Wert zwischen 10,5 und 20 in einer Konz ntration 
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von 0 t 05 bis 1 Gew.-%, bezog n auf das Gewicht der gesamten Suspension, und 

(d) 0,5 bis 30 Gew.-% eines Mono- od r Multihydroxyalkohols, welcher unter Bildung einer kontinui riichen 
Phase in Wasser mischbar ist, wobei der Alkohoi die Forme! R(OH)n aufw ist, wobei R in Alkylrest mit 
1 bis 6 Kohlenstoffatomen ist und n eine ganze Zahl von 1 bis 4 ist, 

wobei das Polyaiken h rgesteilt wind durch: 

(e) Vereinigen von wenigstens einem Aiken, das 2 bis 30 Kohlenstoffatome enthalt, mit einem Polymeri- 
sationskatalysator bei im Wesentlichen vollstandiger Abwesenheit von Sauerstoff und Wasser, 

(f) Polymerisieren des Alkens bei einer Temperatur, die fur die Herstetlung von nichtkristallinern Polyaiken 
geeignet ist, wShrend eines Zeitraums, der zum Erhalten eines soichen Polyalkens ausreicht, 

(g) KOhlen des erhaltenen Polyalkens auf eine Tleftemperatur, 

(h) Tieftemperaturmahten des erhaltenen Polyalkens bei einer Tleftemperatur unter der Glasuber- 
gangstemperatur des Polyalkens. 

2. Verfahren nach Anspruch 1 , wobei das Polyaiken durch Massepolymerisation hergestellt wird. 

3. Verfahren nach Anspruch 1, wobei das Polyaiken durch Losungspolymerisation und anschlieftendes Trocknen 
nergestellt wird. 

4. Verfahren nach Anspruch 1 , wobei der Strom, der sich aus Kohlenwasserstoffen zusammensetzt, Erdol ist. 

5. Verfahren nach Anspruch 1 , wobei das Polyaiken 10 bis 40 % des Gewichts der gesamten Suspension ausmacht 
und die oberfiachenaktive Substanz 0,05 bis 1 % des Gewichts der gesamten Suspension ausmacht. 

6. Verfahren nach Anspruch 5, wobei die oberfiachenaktive Substanz einen HLB-Wert von 1 0,5 bis 1 5 aufweist. 

7. Verfahren nach Anspruch 6, wobei die oberfiachenaktive Substanz ausgewihlt ist aus der Gruppe bestehend aus 
organischenAmmoniumphosphaten, Ethylenoxidkondensaten, ethoxylierten Alkoholen, Alkyiarylpolyetheralkoho- 
len, Alkylphenoihydroxypolyoxyethylenen, Polyoxyethylensorbitanmonolaurat. Polyethylenglycolethem von linea- 
ren Alkoholen und Octylphenoxypolyethoxyethanol. 

8. Verfahren nach Anspruch 6, wobei die Suspension zusatzlich ein polymeres Verdickungsmittel enthalt. 

9. Verfahren nach Anspruch 8, wobei das polymere Verdickungsmittel ein wasserlosliches polymeres Verdickungs- 
mittel, ausgewahlt aus der Gruppe bestehend aus Guargummi. Guargummiderivaten, Hydroxymethylcellulose 
Xanthangummen, Polyacrylamiden, Hydroxypropylcellulose, modifizierten Stirken und Polysacchariden, ist. ' 

10. Stabile nicht-agglomerierende Suspension, die zum Verbessern des FlieBens eines flieBenden Stromes der sich 
aus Kohlenwasserstoffen zusammensetzt. bei der Einbringung darin geeignet ist, welche umfasst: 

(a) Wasser 

(b) ein in dem Wasser hochdisperses und darin unldsliches nichtkristallines kohlenwasserstoffldsliches nicht- 
abgebautes Polyaiken mit 2 bis 30 Kohlenstoffatomen pro Alkenvorstufe und einer inharenten Viskositat von 
wenigstens 20 dL/g, 

(c) eine oberfiachenaktive Substanz mit einem HLB-Wert zwischen 1 0.5 und 20, und 

(d) 0.5 bis 30 Gew.-% eines Mono- oder Multihydroxyalkohols, welcher unter Bildung einer kontinuierlichen 
Phase in Wasser mischbar ist, wobei der Alkohoi die Formel R(OH)n aufweist, wobei R ein Alkylrest mit 1 bis 
6 Kohlenstoffatomen ist und n eine ganze Zahl von 1 bis 4 ist, 

wobei das Polyaiken hergestellt wird durch: 

(e) V reinigenvonw nigstens in m Aiken, das 2 bis 30 Kohl nstoffatom enthalt. mit einem Polymerisati- 
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nskatalysatorbeiimWes ntlichenv HsBndig r Abwesenheit von Sauerstoff und Wasser, 

« ^STS'Sr d f Mk ? " ei " er Temperatur ' die rar die H retellu "9 »" nichtkristallinem P lyalken 
ge .gn t .st, wahrend inss Zertraums, der zum Email n ines solch n Polyalkens ausr icht, 

(g) Kiihlen des erhaltenen Polyalkens auf ine Tieftemperatur, und 

(h) Tleftemperaturmahlen des erhaltenen Polyalkens bei einer Tieftemperatur unterder GlasObergangstenv 
peraUirdesdenReibungswWeretanderniedrigendenPolyelkens. v,.asuDergangstem- 

11 IfZ 8 ^?.! 8 !^ 8 '' 6 £2 k** An8PfUCh 10 einem Strom ' der sich aus Kohlenwasserstoffen zusammen- 
setzt, wobei es sich um Erddl handelt. 

12. Suspension nach Anspruch 10,wobei das Polyalken 10 bis 40 Prozent des Gewichts dergesamten Suspension 

13. Suspension nach Anspruch 12, wobei die oberflachenakth/e Substanz einen HLB-Wert von 10.5 bis 15 aufweist. 

14. Suspense nach Anspruch 13, wobei die oberflachenaktive Substanz ausgewahltwird aus der Gruppe bestehend 
k^Z* US! 6 !! Tl : iumphos P naton - Ethylenoxidkondensaten. ethoxylierten Alkoholen, Alkylarylpolyetheral- 
toholen A^ylphenolhydroxypolyoxyethylenen, Polyoxyemylensorbitanmonolaurat, Polyethylenglycotetnern von 
linearen Alkoholen und Octylphenoxypolyethoxyethanol. n 8 iycoieinem von 

15. Suspension nach Anspruch 13, wobei die Suspension zusatzlich ein polymeres Verdickungsmittel enthalt. 

16 ' k™S n8Ch ^Z"* I 5, r b ' ' d88 P ° lymere Vertick ""9smittel ein wasseriosliches polymeres Verdik- 
EZ?EE£7 dT der , GfUPPe beSt9hend 8US Guar B" mmi ' Guarsummiderivaten. Hydro^ethylcellu- 
lose, Xanthangummen, Polyacrylamiden. Hydroxypropyfcellulose. modifizierten Starker, und Polysaccharide^ ist. 

Revendications 

1. Procede pour ameliorer I'ecoulement d'un courant en ecoulement constitue d'hydrocarbures, comprenant : 
I'introduction dans le courant d'une suspension non agglomerate stable qui comprend 

(a) de I'eau 

(b) i a I'etat disperse dans I'eau et insoluble dans celled, un polyalcene non cristallin, soluble dans les 
hydrocarbures. ayant 2 a 30 atomes de carbone par precurseur alcene et une viscosite inherenfe d'au 
moms 20 di/g, 

(c) un agent tenstoactif ayant une valeur d'equilibre hydrophile-lipophile (EHL) comprise entre 10 5 et 20 
a une concentration de 0.05 a 1 % en poids sur la base du poids de la suspension totale et ' 

(d) 0,5 a 30% en poids d'un alcool mono- ou plurihydroxylique qui est miscible a I'eau de maniere a former 
une phase continue, (edit alcool repondant a la formula R(OH)n, dans laquelfe R represente un radical 
alkyle ayant 1 a 6 atomes de carbone et n represente un nombre entier de 1 a 4 

dans lequel le polyalcene est prepare : 

(e) en associant au moins un alcene contenant 2 a 30 atomes de carbone avec un catalyseur de polyme- 
nsauon en I absence pratiquement totale d'oxygene et d'eau, 

(Oenpolymensantl'alceneaunetemperatureconvenablepourlaprodu^ond'un 
pendant un temps sutfisant pour obtenir un tel polyalcene. 

(g) en refroidissant le polyalcene obtenu a une temperature cryogenique 

(h) en soumettant a un broyage cryogenique le polyalcene obtenu, a une temperature cryogenique infe- 
neure a la temperature de transition vitreuse du polyalcene. 

2. Procede suivant la revendicetion 1. dans lequel le polyalcene est prepare par polymerisation en masse. 

3. Procede suivant la revendicetion 1. dans lequel I polyalcene est prepare par polymerisati n en solution puis 
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sechage. 



4. Precede suivant la revendication 1, dans lequel le courant constitu ' d'hydrocarbur s st un courant d petrole. 

5. Precede suivant la revendication 1, dans (equal I polyalcene r presente 10 a 40% du poids da la suspension 
total at I'agent tensioactif r present 0,05 a 1% du poids d la suspension totale. suspension 

6 ' de^VX™* ' a r8VendiCati0n 5 ' dans ra ^ ni tensioactif a une valeurde EHL comprise dans I'intervalle 

7. Precede suivant la revendication 6, dans lequel I'agent tensioactif est choisi dans le groupe consistant en des 

£5:^ - produits de condensation d'oxyde Methylene. Z SSUZZ 

Z 1* eth ^°' s : des s'kyiPheno.hydroxypolyoxyethv1enes. le monolaurate de sorbitannlpoS 
thylene, des ethers de polyethyleneglycol d'alcools lineaires at I'octylphenoxypolyethoxyethanol. 

8. Precede suivant la revendication 6, dans lequel la suspension contient en outre un agent epaississant polymery 

hydrosoluble chois. dans le groupe consistant en la gomme guar, des derives de gomme guar, l-hyd^me^ 
Sy^ccna1d S er meS ^^ lamidas ' '•hydroxyprepylceHulose, des amfdons SSSSZ 

10. Suspension non agglomerate stable apte a .'amelioration de I'ecoulement d'uri courant en ecoulement constitue 
d'hydrocarbures lors de ('introduction dans ce courant, qui comprend : ecouiement constitue 

(a)def'eau 

(c) un agent tensioactif ayant une valeur de EHL comprise dans I'intervalle de 1 0,5 a 20 et 
2. !h 8 3 ,° % en 1 p °. ids , d ' un a,C00 ' mon °- °" Plurihydroxylique qui est miscible a I'eau de maniere a former 
une phase continue ledit alcool repondant a la formule R(OH)n, dans laquelle R represente un radfcalTyle 
ayant 1 a 6 atomes de carbone et n represente un nombre entierde 1 a 4, 

dans laquelle le polyalc6ne est prepare : 
(a) en ,associant au moins un alcene contenant 2 a 30 atomes de carbone avecuncataryseurdepolymerisaOon 
en I'absencepratiquement totale d'oxygene et d'eau, i«'ymensauon 

'ZZSES^l 'T™. * U " e temperatura convenable pour la production d'un polyalcene non cristallin 
pendant un temps suffisant pour obtenir un tel polyalcene, 

(g) en refroidissant le polyalcene obtenu & une temperature cryogenique et 

(h) en soumettant a un broyage cryogenique le polyalcene obtenu. a une temperature cryogenique inferieure 
a la temperature de transition vitreuse du polyalcene reducteur du frottement^opposanT^^reZt 

11 Srart^reir^" 8 ' 0 " 8U ' Vant ' a reVendiCati0n 10 dans un courant cons « tue tfhydrecarbures qui est un 

totale et I agent tensraactrf represente environ 0.05 a environ 1 % du poids de la suspension. 
13 ' nZSe de'S , 1 a 5 reVendiCafon 12> ^ ,aqU8,,e '' a9ent tBnsi0actif a une valeur da EHL comprise dans 

14. Suspension suivant la revendication 13, dans laquelle I'agent tensioactif est choisi dans le groupe consistant en 
des phosphates organ,quesd'ammonium. des preduitedecondensationd'oxyded'e^ 

fhT n ' M H a ^^r ICt : 0 ^ deS ^'P^'^xypolyoxyethylenes. le monolaurate de soreite^S 
thylene, des ethers de polyethyleneglycol d'alcools lineaires et I'octylphenoxypolyethoxyethanol. n * P °' yW 

15. Suspension suivant la revendication 13, ladite suspension contenant en outre un agent epaississant polymere. 
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Suspension suivant la revendicati n 15, dans laquell Pagent 6paississant.p lymfcre est un agent 6paississant 
|»lym§rehydrosolublechoisidanslegroupeconsistantente guar.d sd§riv$sd gommeguar I'hydroxy- 

mdthylcellulose^d sg mmes xanthane. des polyacrylamides, rhydroxypropylcellulose, des amidons modifi6s t 
d s polysaccharides. 



EP 0 885 259 B1 




5 tO 

TIME (HOURS) 



15 



ONO SURFACTANT A"TRITON X-45" (HLBs10.4) 

x -TRITON X-15" (HLB=3.6) + "TRITON . X-100" (HLB=t3.5) 

Fig. 1 




1 2 3 4 5 6 7 
POLYMER CONCENTRATION (PPM) 
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O HO SURFACTANT A "TRITON X-45" (HLB=10.4) 

X "TRITON X-15" (HLB=3.6) +"TRIT0N X-100" (HLB-13.5) 

Fig. 2 
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